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Abstract 
Urban green spaces play an important role in promoting both biodiversity and human 
recreation. This thesis therefore attempted to link biodiversity and recreational values 
of urban green spaces through an interdisciplinary research of trade-offs and synergies 
between biodiversity conservation and human recreation. 
The interdisciplinary research comprised a methodological review followed by three 
interlinked case studies in Helsingborg employing different methods and having 
different research questions, but conducted partly on the same sites. The review focused 
on biotope mapping where a biotope mapping model integrated with vegetation 
structure was developed as a further contribution to the methodology. In the first case 
study the modified biotope mapping model was tested to identify biodiversity values in 
an urban green space. In the second case study, different user groups’ perceptions of 
urban green spaces were examined by self-reported identification of the eight perceived 
sensory dimensions and linked to the green spaces’ biotope characteristics. The third 
case study was an in-depth and on-site exploration of the relationship between 
preference and biodiversity in an urban green space context adopting the Visitor-
Employed Photography (VEP) method. The results suggest that  
 Biodiversity values in urban green spaces can be indicated through modified 
biotope mapping involving vegetation structures.  
 People can perceive recreational values in urban green spaces through eight 
sensory dimensions. Each dimension is furthermore associated with biotopes. The 
more diverse biotopes an urban green space encompasses, the more frequently the 
eight sensory dimensions could be perceived. Urban forests were more frequently 
perceived as nature and rich in species than open green spaces. 
 Preference is not positively related to high biodiversity. The VEP study revealed 
on-site preference for biodiversity to be highly context-specific, mainly triggered 
by specific features rather than the overall scenery and character of the setting. 
These results can be used for urban green space planning and management to 
maximize both biodiversity and recreational benefits in urban green spaces in practice. 
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1.1 Research background 
Rapid urbanisation is usually accompanied by undesirable environmental and 
social problems, such as drastic habitat loss and fragmentation, environmental 
deterioration (Grimm et al., 2008) and urban lifestyle˗related diseases (e.g. 
mental stress) due to less provision of green spaces (Nielsen & Hansen, 2007). 
These problems can result in a failure to maintain not only biodiversity and 
ecological integrity (Haines-Young & Potschin, 2010), but also social values 
(Özgüner & Kendle, 2006) or social aspects of urban areas (Mostyn, 1979). 
Due to accelerating urbanisation, interest in urban green spaces has 
increased and the ways in which green spaces can benefit cities and their 
inhabitants have become key issues in urban planning (Sandström, 2002; Qiu, 
2011). Evidence has been accumulating of the recreational benefits that urban 
green spaces provide for human quality of life (Niemelä et al., 2010), and the 
biodiversity of urban green spaces is essential for the provision of these 
benefits (Haines-Young & Potschin, 2010; Bezák & Lyytimäki, 2011). In an 
evaluation study of seven Swedish green plans, Sandström (2002) showed that 
recreation and biodiversity are the two main focus points for the cities’ urban 
green planning, while contribution to city structure, cultural identity, 
environmental quality and biological solutions to technical problems is much 
less addressed. In another green plans study of Swedish cities, Elander et al. 
(2005) concluded that urban biodiversity, for its successful implementation, 
needs to be related to and accommodated with other values that are given 
priority in current policy making, such as recreation.  
In urban environments the pressure on green spaces to service both 
biodiversity and human recreation is thus greater than ever (Young et al., 
2005). However, many conservation biologists have found that it is 
increasingly challenging to mesh conservation priorities with recreational 
motivations for maintaining and enhancing green spaces (Dearborn & Kark, 
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2010). It is therefore imperative to better understand to what extent 
biodiversity and recreation are compatible and how to link both objectives in 
urban green spaces. To this end, an interdisciplinary research project was 
carried out in order to identify and inform better trade-offs and synergies 
between biodiversity conservation and human recreation. While the study was 
conducted in the Swedish context, many parallels can be drawn with the 
situation in other countries. 
1.2 The benefits of urban green spaces 
Urban green space, as valuable urban biotopes, generate a diverse set of 
substantial ecosystem services for human well-being (Niemelä et al, 2010; 
Konijnendijk et al., 2013). The concept of ecosystem services is defined as the 
benefits people directly or indirectly derive from ecosystem functions, which 
can be classified as provisioning, regulating, cultural and supporting services 
according to the Millennium Ecosystem Assessment (2005).  
Urban green spaces have many environmental benefits for humans through, 
for example, their cooling effect on urban areas (Bowler et al., 2010), the 
reduction of air pollution (Cavanagh et al., 2009), carbon sequestration (Davies 
et al., 2011), and the reduction of surface run-offs (Pataki et al., 2011). Urban 
green spaces also have a positive impact on the value of nearby property 
(Crompton, 2001). Most importantly, urban green spaces can contribute to 
public health and well-being through, for example, increasing the level of 
physical activity (Mitchell, 2013), reducing stress (Thompson et al., 2012), 
improving self-reported general health (Stigsdotter et al., 2010) and offering 
opportunities for recreation, psychological well-being and social support (Maas 
et al., 2009; Weber & Anderson, 2010).  
The definition of urban green spaces is public and private open spaces in 
urban areas, primarily covered by vegetation, which include parks, woodlands, 
street trees and square plantings, cemeteries, private gardens, green roofs, 
community and allotment gardens, sports complexes, and so forth (Haq, 2011). 
This thesis deals with all types of urban green space, but mainly focuses on the 
cultural ecosystem services of urban green spaces. Cultural ecosystem services 
usually result partly from specific landscape features in the natural area and 
partly from the biologically diverse nature of the area (Yli-Pelkonen, 2013). 
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1.3 Biodiversity of urban green spaces and challenges of 
biodiversity conservation 
Many studies have indicated that people can benefit from urban green spaces 
both physically and psychologically substantially due to these spaces’ 
capability of supporting biodiversity (Brown & Grant, 2005; Haines-Young & 
Potschin, 2010; Bezák & Lyytimäki, 2011). Biodiversity has been shown to 
play a key role at all levels of the ecosystem services hierarchy (Mace et al., 
2012). In the last couple of decades, biodiversity concerns have been in the 
forefront of conservation efforts worldwide in response to the global decline in 
biodiversity (UNEP, 1995). Many countries have adopted a variety of 
strategies for long-term preservation of biodiversity following the Rio-
Convention on Biodiversity (UNEP, 1995).  
Despite these efforts to manage threats and pressures to urban biodiversity, 
practical objectives have not been achieved. One reason is that the efforts to 
preserve biodiversity are mainly concerned with large and relatively untouched 
habitats or with individual animal or vegetal species, either endangered or 
threatened with extinction. Much research has pointed out that the strategy of 
looking at individual spaces and of preserving land parcel-by-parcel is unable 
to efficiently protect habitats from the encroachment of development (Shih et 
al., 2009). Another reason is due to a lack of basic data on ecological 
characteristics and effective conservation measures, which has been a great 
hindrance to the development of biodiversity conservation (Hong et al., 2005). 
Sukopp and Weiler (1988) indicated that the prerequisite for successful nature 
conservation strategies is knowledge of the individual biotope, their ecological 
characteristics, location and distribution in the city and the composition of their 
plant and animal communities. Biotope mapping is one feasible method to 
provide this prerequisite for protection. However, traditional biotope mapping 
mainly focused on the investigation of biological characteristics of biotopes 
such as floristic and phytosociological features, not taking biodiversity greatly 
into account. Therefore, how to develop biotope mapping to obtain more 
specific biodiversity information of each green space in urban environmental 
settings was addressed in this thesis. 
1.4 People’s perceptions of urban green spaces 
Interestingly, urban green spaces can support biodiversity (Nielsen et al., 2013) 
and biodiversity, in turn, enables people to have stimulating recreational 
contact with nature in cities (Fuller et al., 2007). In this context, nature can be 
defined as a great variety of outdoor settings that have substantial amounts of 
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vegetation, such as yards, gardens, street trees, vacant lots, and fields or forests 
(Kaplan & Kaplan, 1989). 
A more detailed understanding of urban green spaces requires integration of 
natural and social sciences, since urban green spaces are used and perceived 
differently by different people and species (Kinzig et al., 2005; Tyrväinen et 
al., 2007). It is strongly believed that creating more recreational opportunities 
for people to come into contact with nature in cities is not just about exploring 
the values of urban biodiversity; it is also about the social aspects of urban 
green spaces, that is – among others – about how people perceive urban green 
spaces (Kaymaz Cakci, 2012). Perception is the process in which information 
is derived through senses, then organised and interpreted (Zube, 1982). 
Landscape perception is an active process that takes place between the 
organism and the environment (Kaplan & Kaplan, 1989). Personal perceptions 
have a significant impact on shaping the characteristics of a place for local 
people (Tyrväinen et al., 2007). Urban green spaces, for instance, are perceived 
as the place that can provide both the possibilities of being on your own and of 
socialising, due to different personal perceptions, such as ‘to contemplate and 
meditate’, ‘to get artistic inspiration’, ‘to meet others for a picnic’ and ‘to be 
with children’ (Chiesura, 2004). A number of perception and preference 
studies have found that perceived values in green spaces can be classified into 
certain characteristics that largely correspond to different human recreational 
needs (e.g. Grahn, 1991; Ståhle & Sandberg, 2002; Van Herzele & 
Wiedemann, 2003; Kyttä & Kahila, 2005; Maikov et al., 2008). 
In recent decades, these perceived characteristics have been used as tools by 
experts to qualitatively evaluate the qualities of a green space (Skärbäck, 2007) 
and to assist in the design process (Flodmark, 2004), as well as in forming 
policy (e.g. Region of Southern Denmark, 2011). Little knowledge of lay 
people’s perceptions of these characteristics has been learned, which might 
constitute an important knowledge gap in ascertaining public preferences for 
urban green spaces. Because experts frequently hold different views from lay 
people in judging the perceived characteristics of landscape due to their 
different mental constructs of naturalness (Burgess et al., 1988; Coles & 
Bussey, 2000; Hunter, 2001), this thesis tested the reliability of the perceived 
characteristics as a landscape assessment tool among lay persons. Furthermore, 
due to mapping the quality of urban green spaces from different ecological and 
social perspectives, the links between perceived characteristics and biotope and 
biodiversity was also explored. 
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1.5 Perceptions of and preference for biodiversity 
It is desirable for people to derive recreational and aesthetic pleasure from 
cityscapes that also embody beneficial ecological functions. Due to a lack of 
knowledge about the relationship between biodiversity and preference, 
maximizing both biodiversity and recreational benefits becomes increasingly 
difficult in practice. The major gaps in knowledge concern people’s 
perceptions of biodiversity, the specific effect of biodiversity on preference and 
human well-being, and the impact of previous ecological knowledge on 
perception and preference for biodiversity. In order to fill these knowledge 
gaps, understanding if and how people perceive and appreciate biodiversity in 
a recreational context and to what extent biodiversity and preference are 
compatible is indispensable. 
However, there seems to be no obvious relationship between biodiversity 
and preference. Studies of different landscape scenes, such as a garden 
landscapes, river, and brownfield, have demonstrated that high biodiversity 
scenes tend to be preferred to low biodiversity scenes (Junker & Buchecker, 
2008; Lafortezza et al., 2008; Kurz & Baudains, 2012). Conversely, several 
studies indicated that people prefer to visit low biodiversity settings for 
recreation (Nassauer, 1995; Parsons, 1995; Gobster, 1999). For example, 
Gobster (1999) found that people prefer low biodiversity scenes of open areas 
with groups of bushes and trees rather than high biodiversity scenes of dense 
vegetation in the forest. These inconsistencies require further attention to 
expose the underlying factors. 
In general, without a clear view of the relationship between biodiversity and 
preference, it is difficult to come to clear conclusions about which particular 
features of urban green spaces, including ecological and social characteristics 
respectively, might cause conflicts between biodiversity conservation and 
human recreation. This thesis thus explored the specific relationship for trade-




2 Objectives of the thesis 
In response to the need to combine biodiversity conservation and human 
recreation in urban green space planning and management processes, the 
overall aim of this thesis was to explore trade-offs and synergies between 
biodiversity conservation and human recreation in urban green spaces.  
Derived from this, the specific objectives were to: 
 Construct and test a biotope mapping model for identifying 
biodiversity values in urban green space. 
 Understand lay people’s perceptions of urban green space and the 
link to biotopes  
 Explore the relationship between preference and biodiversity within 
their perceptions.  
The work was guided by the following research questions: 
 How can biotope mapping be developed and used to efficiently 
collect biodiversity information in urban green space? 
 How do lay people perceive urban green space settings and do 
perceptions differ between populations segments? How are these 
perceptions linked to biotopes? 
 Is biodiversity perceived and appreciated by people using urban 
green spaces for recreation? What kinds of factors influence their 




3 Development of urban green space and 
its ecological and social issues 
This chapter provides a description of how urban green space has developed 
and its related ecological and social issues. Some key concepts within urban 
green space, urban ecology, biodiversity, landscape perception and preference 
are also presented. 
3.1 A brief history of urban green spaces 
The concept of leisure, at least in the sense of public recreation, has its origin 
in 19th century industrialisation, when the conservation and establishment of 
green areas became a means to curb the discontent among the growing urban 
working class due to poor working and living conditions (Konijnendijk, 1999). 
During the late 19th century, city beautification was emphasized due to the 
extensive and unexpected population movement from the country into cities. In 
response to a growing interest in public health and wellbeing, the UK “Garden 
City Movement”, which focused on providing the public an opportunity to 
receive all of the perceived health and lifestyle benefits of having access to 
green space within urban environments, won many supporters (Domhardt, 
2012). Later, many architects focused on more functionalistic ideas about the 
relationship between the built and the natural environment. One of the ground-
breaking views on functionalistic ideas was from the architect Le Corbusier, 
who addressed the need to create more urban green spaces by using modern 
building techniques to construct high buildings, thus releasing ground space for 
human recreational purposes (Righini, 2000). 
Nowadays, with the growing interest in urban ecology and sustainable 
urban development, the questions of how to deal with the negative 
environmental consequences of urban sprawl and how to achieve 
environmental-friendly solutions for human contact with nature at the 
neighbourhood or household level, have been addressed in many countries, 
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especially in Europe. For example, the ideals of the “compact city” in the UK 
and the “green city” in Denmark were initiatives towards sustainable urban 
development (Næss, 2000; Clark, 2005). 
3.2 Ecological aspects of urban green spaces 
3.2.1 Urban ecology and biodiversity of urban areas 
Urban ecology is not detached from the laws of general ecology, but it does 
describe the study of humans in cities, of nature in cities, and of the 
relationship between them (Alberti, 2009). In this thesis, the relevant aspects of 
urban ecology and biodiversity were focused on in order to approach a better 
understanding of their importance and unique characteristics. Biodiversity 
means “the variability among living organisms from all sources including, inter 
alia, terrestrial, marine and other aquatic ecosystems and the ecological 
complexes of which they are part; this includes diversity within species, 
between species and of ecosystems” (United Nations, 1992). 
This is just as true in an urban context as elsewhere, but urban ecology is a 
special one with unique and important characteristics that need to be 
understood to fully comprehend the benefits of urban biodiversity. This unique 
ecology is usually a result of the specific appearance and function of urban 
areas. Farinha-Marques et al. (2011) pointed out four characteristics of urban 
areas:  
 
 Distinctive physical attributes and ecological conditions.  
 Heterogeneous and small-scaled habitat mosaics.  
 A combination of local and introduced species that create unique habitats. 
 Habitat types and biological communities that significantly differ from 
others elsewhere. 
3.2.2 Scale and size of urban biodiversity and its measurement 
When considering urban biodiversity, two levels of organization should be 
included: the landscape level and the habitat level (Werner & Zahner, 2010). 
The landscape level encompasses a range from local to regional in scale. It 
ranges from neighbourhoods via the city/town itself and its suburbs to its 
urbanised surrounding areas. The habitat level encompasses the meso to micro 
scale from urban neighbourhoods and land-use types to individual urban 
habitats i.e. urban green space. In this study, we mainly focused on the habitat 
level to study urban biodiversity. From a landscape ecology point of view, the 
habitat level could be described as a patch within the matrix of the landscape 
level, although the relationship between matrices and patches varies with the 
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scale (Garden et al., 2006). Several researchers have stated that the area of 
urban patches could be an important factor in determining the presence of a 
large number of plants and species (Cornelis & Hermy, 2004; Muratet et al., 
2007). Nielsen et al. (2013) found that species diversity increases with patch 
area. While in the case of smaller urban areas, Godefroid and Koedam (2003) 
indicated that these areas can serve as stepping stones between larger patches 
and can guarantee the survival of species adapted to small habitats. 
More research on measurement of urban biodiversity has focused on species 
richness, simply because it is well defined, quantifiable and easily monitored 
(Farinha-Marques et al., 2011). Accordingly, this study was limited to the 
species dimension of biodiversity, mainly focused on vascular plants. 
3.2.3 Importance of urban biodiversity and conservation 
Urban biodiversity can contribute significantly to the quality of life in an 
increasingly urban global society. It contributes to essential services including 
water filtration and absorption, nutrient cycling, air filtration and noise 
buffering. Other important services provided by urban biodiversity include 
recreational, cultural and spiritual nourishment that maintain personal and 
social well-being (Keniger et al., 2013). Urban biodiversity conservation is 
therefore an important task for all people. Dearborn and Kark (2010) highlight 
the importance of urban biodiversity conservation using seven key arguments 
ranging from ecological to anthropic benefits:  
 
 Preserve local biodiversity in an urbanising environment and protect 
important populations or rare species.  
 Create stepping stones or corridors for natural populations. 
 Understand and facilitate responses to environmental changes. 
 Connect people with nature and provide environmental education. 
 Provide ecosystem services.  
 Fulfil ethical responsibilities. 
 Improve human well-being. 
3.2.4 Biotope mapping for urban biodiversity conservation 
In order to cope with immense natural habitats and species loss in cities due to 
urbanisation, many European countries have developed a variety of 
programmes for nature conservation in urban areas (Cilliers et al., 2004). One 
of the leading projects that focused on nature conservation in cities was the 
urban biotope mapping scheme, first conducted in Germany which was  
gradually developed in other countries such as the UK, Sweden, New Zealand, 
Brazil, Korea, etc. (Qiu et al., 2010). 
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Biotope refers to a distinct space, which is endowed with specific 
environmental conditions and suitable for particular flora and fauna (Hong et 
al., 2005). Biotope mapping is the process of identification and specification of 
existing habitats and landscape units (Qiu et al., 2010). For mapping of 
biotopes in urban areas, two methods are employed: ‘selective biotope 
mapping’ where only the biotopes worthy of protection are mapped and 
‘comprehensive biotope mapping’ where all biotopes are mapped (Sukopp & 
Weiler, 1988). There are generally three main steps in the process of mapping, 
which are: field survey, categorisation of biotopes and evaluation. In this 
process, the condition of the environment, such as land-use, flora, fauna and 
soil, is evaluated and graded by various ecological values on the map. The map 
can then offer an evidence-based foundation to assist in the decision making 
around nature conservation (Yilmaz et al., 2010). 
Urban biotope maps were initially produced for the protection of native 
species and rare habitats in cities, but they have gradually served a wider range 
of applications in landscape planning, delineation of protection zones, design 
of habitat connection corridors or biotope linkage systems, environmental 
impact assessment and environmental management in urban ecosystems 
(Weiers et al., 2004; Hong et al., 2005). Biotope mapping in urban areas has 
become an important policy tool that provides data for urban planning as well 
as to forecast the impact of urbanisation on the ecosystem, while enabling us to 
evaluate the ecosystem elements more objectively (Hong et al., 2005). 
However, from a biodiversity point of view, the lack of consistent and 
biodiversity-oriented information on structure, type, size and quality of 
biotopes in the process of mapping has been identified as a major constraint for 
the implementation of biodiversity conservation strategies (Weiers et al., 
2004). In response to different applications of urban biotope mapping, a well-
structured classification of biotopes provides a fundamental basis, mainly 
focused on land use and habitat type (Werner, 1999). Nevertheless, vegetation 
structure has not been comprehensively taken into account, though it has been 
shown to have a close relationship with biodiversity (Gao et al., 2012). 
Tilghman (1987) claimed that the abundance of undergrowth and shrub layers 
has been observed to correlate positively with bird species richness and 
diversity in urban parks. Schadek et al. (2009) indicated that plant species 
richness increased with vegetation height but decreased with vegetation density 
in urban brownfield sites. Pinna et al. (2009) found that the maturity and 
structure of urban forests were positively correlated with carabid abundance 
and richness. Accomplishing the conservation of biodiversity in urban areas 
could potentially be greatly assisted, if vegetation structure information is 
added to the biotope mapping scheme. 
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3.3 Social aspects of urban green spaces 
3.3.1 Benefits of contact with nature in urban areas 
Urban green spaces not only act as an important refuge for biodiversity, but 
also have become important nodes of contact with nature in cities due to high-
density urban living (Home et al., 2012). According to Keniger et al. (2013), 
people’s contact with nature can be divided into three main types ranging from 
passive to active: indirect, incidental and intentional (Table 1). 
Table 1. Typology of contact between people and nature (modified from Keniger et al. 2013). 
Types of contact with 
nature 
Description 
Indirect contact Experiencing nature but not physically present in nature, e.g. 
viewing nature in a picture/image/ motion picture/through a window 
Incidental contact Experiencing nature as a by-product of another activity, e.g. 
encountering nature when walking to work or driving; encountering 
vegetation indoors 
Intentional contact Experiencing/being in nature through direct intention, e.g. hiking, 
bird watching, camping, gardening. 
The evidence of benefits that come from people’s contact with nature is clear 
and rich (Özgüner & Kendle, 2006). For example, evidence that living in close 
proximity to green spaces delivers health benefits could be used to encourage 
the design of landscapes with broader societal benefits such as reductions in 
health spending or crime rates. Mostyn (1979) found that people benefit from 
nature in many ways including emotional, intellectual, social and physical 
aspects. Keniger et al. (2013) identified that the benefits from contact with 
nature can be classified into six key types that range from physical health and 
cognitive benefits to spiritual benefits and the tangible outcomes associated 
with food production and wealth (Table 2). 
Table 2. Typology of the benefits of interaction with nature (modified from Keniger et al. 2013). 
Benefits from contact with 
nature 
Description 
Psychological benefits Positive effect on mental processes, e.g. promote self-esteem; 
mood/behaviour improvement; anger/frustration/anxiety 
reduction. 
Cognitive benefits Positive effect on cognitive and emotional function, e.g. 
improved attention, working memory improvement, mental 
fatigue reduction.  
Physical health benefits Positive effect on physical function and health, e.g. stress 
reduction, perceived health and well-being, faster healing. 
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Social benefits Positive social effect at an individual, community or national 
scale, e.g. recreational activity, facilitated social interaction 
between adults and children, crime rate reduction. 
Spiritual benefits Positive effect on individual religious pursuit or spiritual well-
being, e.g. aesthetic/cultural experiences, inspiration/spiritual 
well-being promotion. 
Tangible benefits Material goods that an individual can accrue for wealth or 
possession, e.g. food supply, money. 
3.3.2 Perceptions and preferences of urban green spaces 
Despite the evidence suggesting that people can derive considerable benefits 
from contact with nature, research on how people perceive urban green space 
and which aspects of urban green space people appreciate are not consistent 
(Nielsen et al., 2012). People are often selective about what they see as natural, 
and nature means different things to different categories of people. For some 
people nature is reserved for wilder places and does not exist in the urban 
context (Kaplan, 1992), but for others nature can be found anywhere even on 
their doorstep (Millward, 2001). Gobster (2001) identified four different 
‘visions of nature’ each emphasizing a different set of characteristics related to 
the landscapes’ perceived structure and function as well as its human values 
and uses. 
Perception of nature is considered as a function of the interaction of humans 
and nature (Zube et al., 1982). Perception of nature may influence human 
behaviours and mirror their motives, preferences and attitudes (Thompson et 
al., 2005; Nielsen et al., 2012). Ulrich (1991) argued that human emotional 
responses to nature are immediate and subconscious, automatically triggered 
by contact with natural content. Several emotions, such as aesthetic preference, 
sadness, fear, are claimed to be provoked in this manner. These immediate 
emotional responses are often associated with instant physiological behaviour, 
such as attractiveness (in the case of perceived serenity) or avoidance (in the 
case of perceived danger) (Ulrich, 1991). Depending on different 
environmental settings, the perception can range from negative to positive (Qiu 
et al., 2013). Positive perception can promote environment attraction, whereas 
a negative one can limit visitation and modify use pattern (Bixler & Floyd, 
1997). 
Since urban green spaces can be regarded as resembling excerpts from 
natural environments, many conclusions from general perception and 
preference research should be applicable to them. Several studies indicated that 
people have complex and ambivalent perceptions of urban green spaces 
(Crewe, 2001; Hunter, 2001). People appreciate and aspire to the multiple 
benefits of urban green spaces, while also associating them with insecurity and 
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crime (Crewe, 2001).  People often interpret urban green spaces in terms of 
their own needs and prefer those in which they, as humans, are likely to 
function effectively. According to the framework of Kaplan and Kaplan 
(1989), human preference can be viewed as an expression of bias towards 
adaptively suitable environments, environments that include elements and 
spaces that are useful and supportive for human functioning. Hudson (1992) 
claimed that landscape preference is linked to those spatial arrangements, 
colours, shapes or other visual features that resemble beneficial environments 
and hence evoke spontaneous aesthetic satisfaction in the observer. Numerous 
variables predicted by several landscape-preference models, such as 
complexity, novelty, incongruence, surprisingness, coherence, legibility, 
mystery, prospect, and refuge could explain preference for landscapes 
(Berlyne, 1970; Kaplan & Kaplan, 1989; Appleton, 1996). 
3.3.3 Perceptions of urban green spaces through the eight perceived sensory 
dimensions 
People seeking different types of experiences may require different 
environmental conditions for satisfaction (Schreyer & Lime, 1984). 
Simultaneously, different environments can be shaped and characterized by 
people’s perceptions and experiences. The characteristics of an environment 
are based on the experience of the human-environment interaction, whereby 
both are shaping and being shaped by the interactive process (Zube et al., 
1982). These environmental characteristics are often regarded as a landscape’s 
perceived values. The perceived values of an environment have the potential to 
enhance the positive qualities of urban life in terms of opportunities, physical 
settings, sociability and cultural diversity (Malek et al., 2011). 
A number of environmental psychology studies have tried to classify green 
space characteristics in urban environmental settings (e.g. Van Herzele & 
Wiedemann, 2003; Gyllin & Grahn, 2005; Kyttä & Kahila, 2005; Tyrväinen et 
al., 2007). One of these classifications that has been developed over the last 30 
years has become widely applied in the Nordic countries. The latest version is 
called the perceived sensory dimensions which is based on a questionnaire 
survey of almost 1000 randomly selected participants in four Swedish cities 
who reported their preferences from a long list of qualities of nature (Grahn & 
Stigsdotter, 2010). Eight characteristics of green space that largely correspond 
to different basic human needs were identified by factor analysis of all 
variables from the list: serene (e.g. silent and calm), nature (e.g. wild and 
untouched), rich in species (e.g. many animals and plants), space (e.g. spacious 
and free); prospect (e.g. flat and well-cut lawns with scattered trees), refuge 
(e.g. an enclosed and safe place), social (e.g. entertainment and exhibition), 
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culture (e.g. decorated with fountains and ornamental plants) (Grahn & 
Stigsdotter, 2010). 
Despite the fact that the eight perceived sensory dimensions have been 
widely applied as a landscape assessment ‘tool’ for the determination of 
landscape quality and management of landscapes, they were really only used 
by experts (Grahn & Stigsdotter, 2010). Experts are seen to have a more 
sensitive appreciation of landscape quality and are also thought to be able to 
articulate their feelings more expressively (Dearden, 1981). However, expert 
assessments are still a dubious source of objective judgments about what 
people care about in a landscape (Kaplan, 1988). Roth and Gruehn (2012) 
indicated that the status of expert assessments in general has no more 
considerable effect than that of lay people. This, together with results from the 
considerable body of research exploring public preferences for urban green 
spaces, illustrates that the lack of empirical studies exploring lay people’s 
perceptions of the eight perceived sensory dimensions might constitute an 
important knowledge gap. There is also a potential risk that the eight perceived 
sensory dimensions have been directly used in the practical assessment of 
projects before an understanding of their validity was gained. Therefore, 
understanding lay people’s perceptions of the eight perceived sensory 
dimensions is needed. 
3.3.4 Perceptions of and preference for biodiversity based on Visitor-
Employed-Photography (VEP) 
Traditionally, green space studies have discussed ecological and social issues 
separately, which may lead to poor compatibility in the planning and 
management of green spaces. Compatibility is the match between what a 
person wants to do, what the environment supports and what the person is 
expected to do in the environment (Kaplan, 1995). 
Uzzell (2000) claimed that environmental problems are always rooted in 
humanity’s emotional and perceptual relationship with the environment. To 
accommodate biodiversity and recreational values in urban green spaces, it is 
of great importance to understand people’s perception and preference 
associated with biodiversity (Qiu et al., 2013). Stokes (2007) noted that much 
of the world’s biodiversity can only survive if people choose to protect it, 
which implies that human preferences could be important determinants of 
many species’ prospects for survival. In a certain sense, human biodiversity 
preferences not only play a significant role in the implementation of 
biodiversity conservation, but can also predict which aspects of biodiversity 
appeal to people and which aspect repel them (Qiu et al., 2013). This would 
allow conservationists and urban green space planners to share people’s 
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preference information and use it, making better trade-offs and synergies 
between biodiversity conservation and human recreation in the process of 
decision making. 
Despite the fact that there is a large body of knowledge on landscape 
preference and perception, the research rarely considers how people perceive 
and appreciate urban green spaces in relation to biodiversity. In this study, 
Visitor-Employed Photography (VEP) was applied to explore people’s 
perceptions of and preferences for biodiversity. VEP is a method introduced by 
G.J. Cherem in the 1970s that allows people to take their own photos to 
describe their environment graphically. Over the years the VEP technique has 
been successfully used to assess people’s landscape perceptions and to explore 
the process inherent in their outdoor experiences (e.g. Dorwart et al., 2006; 
Heyman, 2012). Compared with conventional off-site photo elicitation 
methods, the VEP approach may better represent the actual experiences on-site 
and has the potential to dynamically register a wider set of factors and 
elements, such as smells, sounds and tactile experiences. All of these can 






4 Methodology and research design 
4.1 Research flow 
The overall aim of this thesis, to make trade-offs and synergies between 
biodiversity conservation and human recreation, was approached through 
interdisciplinary research methods integrating ecological issues and social 
issues of urban green spaces. The research flow consisted of two parallel 
strands (Figure 1). One strand reflects the biotope mapping study that is related 
to ecological issues, and the other represents the perception and preference 
study based on the eight sensory dimensions and VEP tools related to social 
issues.  
The thesis starts with Paper I – a methodological study of biotope mapping 
and development of an urban biotope classification related to biodiversity. 
Paper II applied this urban biotope classification in a biotope mapping scheme 
to test its validity in identifying biodiversity values in urban green spaces. 
Since human recreation is always influenced by people’s perceptions and 
preferences, Paper III turned to social aspects to study people’s perceptions of 
urban green spaces through the eight sensory dimensions. Based on these 
perceptions and the overlapping part of these study areas in Paper II, the 
specific links between biotope type, biodiversity and the eight sensory 
dimensions were also identified. Paper IV then took the preference concept into 
account. An on-site VEP study was conducted employing both lay people and 
ecology experts. The relationship between preference, real and perceived 
biodiversity was explored. 
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Figure 1. Research flow of the thesis based on papers I-IV. The research flow consisted of three 
parts indicated by different colours: grey is the research context; green is the study themes; and 
purple is the applied methods. 
4.2 Case study 
A scientific discipline without a large number of thoroughly executed case 
studies is a discipline without a systematic production of exemplars, and a 
discipline without exemplars is an ineffective one (Flyvbjerg, 2006).  A case 
study usually employs a combination of different methods, designed to 
describe and understand the complexity of particular cases. Many researchers 
regard case studies as offering a particularly useful approach in fields of 
research that are practice-orientated and deal with ‘real world contexts’, such 
as landscape architecture, architecture and planning (Francis, 2001; Johansson, 
2005). The use of case studies is one approach that supports deeper and more 






















answer how and why questions. The how or why question is often being asked 
about a contemporary set of events over which the investigator has little or no 
control (Yin, 1994). In this thesis, why biodiversity conservation conflicts with 
human recreation and how to make trade-offs and synergies between them are 
the essential questions that demand immediate attention. Moreover, the most 
significant strength of case studies is that one can form generalizations on the 
basis of a single case, which could be central to scientific development via 
generalization or as a supplement or alternative to other methods (Flyvbjerg, 
2006). The overall method used in this thesis was thus case study. Although 
Paper I was a theoretical study from the literature review, the methodological 
development of biotope mapping was generalized from case studies. 
4.3 Strategic choice of case study 
Johansson (2005) indicated that the strategic choice of case might greatly add 
to the generalizability of a case study. Case study often investigates a complex, 
functioning unit within its natural context through using many variables, 
qualities and factors (Johansson, 2005). In this thesis, three different case 
studies were selected to deal with the ‘how’ and ‘why’ questions. In order to 
facilitate exploration and comparison of individual cases to accumulate new 
knowledge within a study field, the three case studies were executed in the 
same city – Helsingborg, on the south-west coast of Sweden (Figure 2). 
Compared with other cities in Scania County of Sweden, Helsingborg has 
many urban parks and green spaces distributed around the centre of the city 
and within the city limits that are suitable for this study. 
The study area of Paper II covered a west-east running transect from the 
centre of the city to its outskirts (Figure 2). The transect borders to a number of 
major roads, acting as barriers for people using green spaces in the adjacent 
areas. The reasons for selecting this transect as a study area where a biotope 
mapping scheme associated with biodiversity was tested were that: (1) it 
comprises a variety of biotopes and; (2) the relevant historical documents 
relating to the continuity of land use are available, which show that continuity 
has a close relationship with biodiversity (Gao et al., 2012). To link Paper II 
and compare individual cases from different perspectives for broadening 
knowledge within the research, Paper III selected six pre-coded urban green 
spaces within the study area of Paper II to conduct a perception case study 
(Figure 2). According to the results from Paper II, these six sites were the most 
representative biotopes with distinctive differences in character, size, and shape 
within the study area. Detailed information of the six sites is shown in the 
results section of Paper III. 
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Figure 2. Location of the case studies in Papers II-IV. 
As for Paper IV, it would have been ideal, if it had conducted a biodiversity 
preference case study within the same area as that in Papers II-III. Instead, 
Ramlösa Brunnspark (RB) in the south-eastern part of Helsingborg was finally 
selected as a case study (Figure 2), because RB corresponded more closely to 
the following criteria:  
 
 Commonly used as recreational area. 
 Includes a variety of environments, ranging from high to low levels of 
species richness. 
 Includes a variety of design/management schemes, ranging from highly 
ornamental to wild-looking habitat and from very open to very dense 
vegetation structure.  
 A walkable trail could be easily established that would traverse all 
characteristic environments of the park for a VEP survey. 
  
Flyvbjerg (2006) indicated that extreme cases often reveal more information 
because they activate more actors and more basic mechanisms in the situation 
studied. In addition, from both an understanding-oriented and an action-
oriented perspective, it is often more important to clarify the deeper causes 
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behind a given problem and its consequences. In this sense, RB is a favourable 
case as it offers the possibility of further exploration of the relationship 
between biodiversity and preference. Moreover, with the unique characteristics 
of RB that almost embodied all the features of the six sites, it was easy to link 
these three cases for in-depth comparisons to enable identification of the 
interrelationship between biodiversity, perception and preference across the 
subsequent case studies. The relevant comparisons across the individual papers 




5 Papers I-IV  ̶  methods and summary of 
results 
In this chapter, the results of Papers I-IV are summarized and discussed. The 
key results from each paper are presented, but the reader can refer to the full 
papers that are appended to this thesis for a more in-depth description of the 
work. 
5.1 Proposal of a biotope mapping model for urban biodiversity 
assessment (Paper I) 
In Paper I, the development and applications of biotope mapping in nature 
conservation and the new perspectives on biotope mapping in relation to urban 
biodiversity were addressed. The objectives of Paper I were to: 1) show the 
main changes of perspectives on biotope mapping in nature conservation, 2) 
highlight the importance of biotope mapping as a tool for producing functional 
information to be used when promoting urban biodiversity to be experienced 
by people, and 3) propose a modified biotope classification involving the 
concept of vegetation structure for urban biodiversity assessment. 
Biotope mapping has increasingly become an indispensable tool of 
landscape planning for nature conservation. However, the status of using 
biotope mappings and their challenges for urban biodiversity conservation has 
seldom been discussed, which could be a hindrance to the implementation of 
urban biodiversity conservation. This study thus provided an overview of 
biotope mapping through a literature review and case-based analysis. 
Based on the overview of biotope mapping in nature conservation, it was 
found that the perspectives of biotope mapping have changed from the 
protection of valuable biotopes for rare and endangered species to a more 
modern nature conservation strategy, i.e. maintaining and increasing 
biodiversity as a component of human daily life. In order to accomplish these 
modern  goals, comprehensive surveys of all land parcels are necessary, 
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especially the investigation of ordinary and small-scale biotopes close to 
people’s living places such as neighbourhood parks, private gardens, 
hedgerows, etc. that still have potential biodiversity values. 
It was also found that a well-structured classification of biotopes provides a 
fundamental basis for biotope mapping that determines what type of biotope 
information can be collected. Given that vegetation structure has a close 
relationship with biodiversity but is not comprehensively taken into account, a 
biotope classification integrated with three structural variables for urban 
biodiversity assessment was proposed (Table 3). The three structural variables 
are:  
 
 The approximate mean age of individuals of the dominant tree-layer. 
 Young trees. 
 Middle-aged trees. 
 Old trees.  
 Horizontal structure – divided by the canopy cover ratio of trees and shrubs. 
 Open green area (< 10% canopy cover of trees and shrubs). 
 Partly-open green area (10-30% canopy cover of trees and shrubs). 
 Partly-closed green area (30-80% canopy cover of trees and shrubs). 
 Closed green area (> 80% canopy cover of trees/shrubs). 
 The vertical structure  
 One-layered (canopy layer or understory).  
 Two-layered (any combination of shrub layer, understory and canopy 
layer). 
 Multi-layered (more than two layers).  
 
This modified classification system identifies land cover in areas by identifying 
the structure of the vegetation present, regardless of the area’s land use or 
habitat type. The first level is the division among grey space, green space and 
blue space. The grey space category is designed to identify the presence of 
abiotic surfaces and associated vegetation patterns. The green space category is 
composed of vegetation patterns and structures. There are five subclasses in 
this category, which identify the hydrology of the soil condition, the horizontal 
structure, the age structure, the woody plant type and the vertical structure 
(Table 3). Little structure aspect was involved in the blue space category. 
There are some advantages of this classification system. Firstly, it can 
accomplish comprehensive surveys of all land parcels and obtain more detailed 
structural information of biotopes related to biodiversity. Secondly, it can 
include small valuable biotopes that are often easily overlooked in practical 
mapping processes especially in urban grey spaces such as gardens attached to 
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public buildings, a solitary old grove with broad crown trees, etc. Lastly, it is 
easy to adjust the age profile and the percentage of vegetation cover required 
for a particular structure category according to the practical situation of the 
study area. Nevertheless, this system should be tested in practice in projects for 
urban biodiversity assessment. 
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Table 3. A proposal of hierarchical order of biotope categories: Level1-Level 6 for urban biodiversity development.  
 
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 
Grey space:  
areas are mainly 
covered by abiotic 
matters such as 
construction, 
extraction sites and 
beaches, etc.  







Mainly herbaceous vegetation Annual (biennial) 
Perennial 
Short-cut grass/tall grass 
Vegetable/flower garden 
– 
Minimal/no vegetation – – Buildings/pavement 
Exposed earth/rock/sand 
Green space:  
areas are vegetated 
land or water within 
or adjoining an 
urban area, which 
may contain small-
lot abiotic surfaces. 
Xerantic to mesic soil 
Mesic to wet soil 
Open green area (< 10% canopy 
cover of trees/shrubs) 
Annual (biennial)  
Perennial 




Partly open green area (10-30% 
canopy cover of trees/shrubs) 
Partly closed green area (30-80%  









Multi-layered Closed green area (> 80% 
canopy cover of trees/shrubs) 
Blue space:  
open water with no 
emergent vegetation.  
River/stream/pond/lake/ 
wetland open water 
Submerged plant 
Floating leaved plant 
– – – 
36 
5.2 Testing the modified biotope mapping model for urban 
biodiversity assessment (Paper II) 
In order to test the functionality of the modified biotope classification system 
integrated with structure variables for urban biodiversity assessment in Paper I, 
a new case study was conducted and resulted in Paper II. The study was guided 
by the following two questions: 1) How to refine this modified biotope 
classification system so as to make biotope mapping more applicable in a 
practical study? and 2) how to validate the concept that the refined biotope 
mapping model integrated with structural variables can better indicate 
biodiversity values? 
In response to the applicability of the modified biotope classification, Paper 
II mainly focused on the green spaces category and further refined it through 
integrating with four variables of vegetation structure (Table 4). The refined 
biotope classification was applied to a green structure system in Helsingborg 
city in southern Sweden, as mentioned in the methodology section. Besides the 
previous three structural variables (age, horizontal and vertical structure), the 
continuity of woodland was also added in this refined classification. The 
continuity of woodland cover was identified by using an Ancient Woodland 
Indicator (AWI) species. The presence of AWI species in woodland inventories 
is taken as evidence of a long continuity of woodland cover (Rose, 1976). 
According to the practical situation, the approximate mean age of dominant 
tree-layer individual was divided into less than 30 years, 30-80 years and more 
than 80 years. 
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Table 4. Refined biotope classification involving four structural variables shown for green spaces. 
Level 1 Level 2 (horizontal) Level 3 (age and continuity) Level 4 Level 5 (vertical) 
Green 
spaces 
Open green area 
<10% trees/shrubs 
With lawn area 
With grazed land area 
With meadow area 
With succession area 
Dry/Fresh/Wet Poor/Rich 
 Partly open green area 
10-30% trees/shrubs 
With lawn area 
With grazed land area 
With meadow area 
With succession area 
Dry/Fresh/Wet Mainly shrubs 
Mainly trees 
Mixed 
 Partly closed green area 
30-80% trees/shrubs 
Less than 30 years (with or without AWI species) 
30-80 years (with or without AWI species) 










>10000 m2 (more than 50 m across) 
Less than 30 years (with or without AWI species) 
30-80 years (with or without AWI species) 
More than 80 years (with or without AWI species) 
Clear cut (with or without AWI species) 
Deciduous 






 Grove, clump of trees, thicket, tree belt or avenue 
(less than 50 m across) 
Less than 30 years (with or without AWI species) 
30-80 years (with or without AWI species) 









Through the interpretation of panchromatic aerial photographs and field 
surveys, a set of modified biotope maps in relation to vegetation structure was 
plotted based on GIS (Figure 3 and Figure 4). 
 




Figure 4. Distribution map of the ancient woodland indicator (AWI) species identifying the 
continuity of woodland cover. 
Do these maps reflect biodiversity information? In order to test the validity 
of the modified biotope mapping model, an evaluation was conducted from 
two aspects in particular: 1) comparison of species richness between long-
continuity and short-continuity forests using vascular plants, and 2) spatial 
distribution of animals in the green space in relation to vegetation structure. 
The continuity comparison work was conducted by making inventories of 
vascular plants within 9 sample plots (4 long-continuity and 5 short-continuity 
sites) of a similar size, age and structure. They were selected according to the 
identification results of long or short continuity woodland sites based on AWI 
species and historical documents. The number of vascular plant species 
(NVPS), Shannon’s and Simpson’s Diversity Indices (SHDI and SIDI) were 
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where Ni represents the frequency scores of the species i; N represents the 
frequency scores of the total species in a certain sample plot; and m is the total 
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number of species in a particular sample plot. Independent-Samples T test 
method was used to compare the species richness between long-continuity and 
short-continuity sites. 
As for the spatial distribution of animals, this was evaluated by 
measurement of the distance between targeted animals (small birds, medium-
sized birds, large birds and rabbits) and the nearest trees or shrubs in open and 
partly open green areas; and the number of observed animals species within 
forests and partly closed green areas was also recorded. 
The main results of Paper II are presented in Table 5 and Figure 5. Table 5 
shows that the NVPS at long-continuity sites ranged between 38 and 51, and 
the range at short-continuity sites was between 15 and 28. The NVPS values 
(F=0.030, Sig.=0.868; t=5.147, p=0.001), the SHDI values (F=1.066, 
Sig.=0.336; t=3.889, p=0.006) and the SIDI values (F=3.160, Sig.=0.119; 
t=3.247, p=0.014) between long and short-continuity forests showed a very 
significant difference. The range of SHDI and SIDI values in long-continuity 
plots were all higher than in short-continuity plots (Table 5), which reveals that 




Table 5. Area, NS, SHDI, SIDI, and main vascular plants of long-continuity and short-continuity plots. 
Plots Area (ha) NVPS SHDI SIDI Ancient status Species of vascular plant (frequency scores ≥ 5) 
I 2.11 51 3.34 0.95 Long continuity Anemone nemorosa, Convallaria majalis, Corylus avellana, Dryopteris filix-mas, 
Holcus lanatus, Impatiens parviflora, Juncus effuses, Lysimachia vulgaris, 
Maianthemum bifolium, Oxalis acetosella, Quercus robur, Rubus idaeus, 
Sambucus nigra, Stellaria holostea, Viola reichenbachiana 
II 1.91 38 2.96 0.93 Long continuity Anemone nemorosa, Anemone ranunculoides, Corylus avellana, Dryopteris filix-
mas, Fagus sylvatica, Lonicera periclymenum, Maianthemum bifolium, Milium 
effusum, Oxalis acetosella, Paris quadrifolia, Polygonatum multiflorum, Quercus 
robur, Rubus idaeus, Sorbus aucuparia, Stellaria holostea 
III 1.94 43 3.21 0.95 Long continuity Alnus glutinosa, Anemone nemorosa, Anemone ranunculoides, Deschampsia 
cespitosa, Deschampsia flexuosa, Dryopteris filix-mas, Fragaria vesca, Fraxinus 
excelsior, Geum urbanum, Impatiens parviflora, Milium effusum, Oxalis 
acetosella, Prunus avium, Ribes rubrum, Rubus idaeus, Rubus laciniatus, 
Stellaria holostea, Valeriana dioica, Viola reichenbachiana 
IV 2.19 40 3.23 0.95 Long continuity Acer pseudoplatanus, Alnus glutinosa, Anemone nemorosa, Betula pendula, 
Convallaria majalis, Corylus avellana, Fagus sylvatica, Galium odoratum, 
Maianthemum bifolium, Oxalis acetosella, Picea abies, Poa trivialis, 
Polygonatum multiflorum, Prunus padus, Quercus robur, Rubus idaeus, 
Sambucus nigra 
V 2.05 24 2.58 0.89 Short continuity Anemone nemorosa, Betula pendula, Dryopteris filix-mas, Frangula alnus, 
Quercus robur, Rubus idaeus, Rubus nessensis, Sorbus aucuparia, Trientalis 
europaea 
VI 2.19 28 2.69 0.89 Short continuity Convallaria majalis, Fagus sylvatica, Quercus robur, Rubus idaeus, Sambucus 
racemosa, Trientalis europaea 




filix-mas, Fagus sylvatica 
VIII 1.85 28 2.70 0.89 Short continuity Acer pseudoplatanus, Anemone nemorosa, Anemone ranunculoides, Corylus 
avellana, Quercus robur, Rubus idaeus, Sambucus nigra 
IX 2.16 25 2.61 0.89 Short continuity Acer pseudoplatanus, Epilobium montanum, Fagus sylvatica, Impatiens 
parviflora, Sambucus nigra, Tilia cordata, Ulmus glabra 
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According to the recorded number of observed animals, small birds showed 
the strongest relationship with forests and partly closed green areas. In open 
and partly open green areas, the majority of the observed animals, excluding 
large birds, were close to trees and shrubs (Figure 5). Nearly 60% of the 
observed rabbits were distributed within 2m of dense shrubbery and 70% of the 
small birds within 4m of trees or shrubs. The medium-sized birds had similar 
distribution patterns in relation to trees or shrubs as the small birds, but with a 
few more observed at longer distances (Figure 5). This reveals that spatial 
vegetation structure has an impact on the distribution of animal species. 
 
Figure 5. Percentage of mammals, small birds, medium-sized birds and large birds distributed at 
different distances from trees/shrubs in open and partly open green areas. 
Through an evaluation of the relationship between vegetation structure and 
biodiversity, the results from Paper II indicated that the modified biotope 
mapping model involving temporal and spatial vegetation structures can be 





5.3 Public perceptions of urban green spaces through the eight 
perceived sensory dimensions (Paper III) 
To implement biodiversity development for human recreation, an assessment 
of how people perceive urban green spaces is required. In Paper III, people’s 
perceptions of urban green spaces were examined through identification of the 
eight perceived sensory dimensions among different user groups in urban green 
space settings. The objectives of Paper III were: 1) To identify the 
representation of the eight sensory dimensions in different types of urban green 
spaces, as experienced by lay people; and 2) to test whether the perceptions of 
the eight sensory dimensions differs between user groups. 
As mentioned in the methodology section, the study area was comprised of 
six pre-coded green spaces selected from the biotope mapping results of Paper 
II. Detailed information and images are shown in Table 6 and Figure 6. This 
perception case study was conducted through an on-site questionnaire survey. 
The questionnaire contained three sections. The first section asked for the 
demographic characteristics (gender, age) of the respondents. The second 
section addressed the respondents’ actual use of, and familiarity with, the site, 
including questions concerning frequency and duration of visits and type of 
recreational activities. The last and main part of the questionnaire contained 
questions regarding the eight sensory dimensions, described in greater detail 
with informative texts and illustrated with photos. In total 121 users responded 
to the questionnaire. Women were more frequent respondents than men and the 
largest number of respondents came from the 21-50 years age group with only 
4% under 21 years of age.   
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Table 6. Characteristics of the six pre-coded green spaces selected from the biotope mapping results from Paper II. 
Site Size (ha)  Type of green space No. of biotopes Characteristics of biotope type Intensity of use (≥1/week) 
G1 6.1 Ornamental park 2 1) Partly-open lawn area with trees and shrubs 
2) Grove 
71% 
G2 17.3 Allotment garden 1 1) Partly-open lawn area 95% 
G3 28.1 Semi-natural green area 4 1) Lake 
2) Partly-open meadow area 
3) One layered deciduous forest with < 30-year-old trees 
4) Two layered deciduous forest with< 30-year-old trees 
95% 
G4 44.8 Urban Forest 3 1) Open lawn area 
2) Two layered deciduous forest with < 30-year-old trees 
3) One layered deciduous forest with 30-80-year-old trees 
55% 
G5 50.1 Urban Forest 5 1) Pond 
2) Open grazed area with fresh soil conditions 
3) Open grazed area with wet soil conditions 
4) Multi layered deciduous forest with 30-80-year-old trees 
5) One layered conifer forest with 30-80-year-old trees 
60% 
G6 10.8 Residential green area 1 1) Open lawn area with sporadic trees and shrubs 70% 
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Figure 6. Panoramic photos of the six green spaces: G1: Ornamental park with lawn and some 
trees and exotic species; G2: allotment with small houses, ornamental plants and lawn; G3: young 
urban woodland with a lake; G4: mature urban woodlands with open lawn; G5: mature urban 
woodland; G6: open lawn area with sporadic trees. (photos by Ling Qiu) 
Paper III revealed that 121 respondents generally had a good understanding 
of the eight sensory dimensions, with only 8% ‘Do not know’ replies. 
However, the frequency of perception of the eight sensory dimensions was 
different. The respondents most frequently perceived prospect, followed by 
serene and space. Culture followed by social had the lowest frequency (Table 
7). 
Table 7. Arithmetic mean values concerning people’s perceptions of the eight perceived sensory 
dimensions in urban green spaces.  
The eight sensory dimensions No. of respondents Mean SE Mean StDev Rank 
Prospect 121 2.636 0.068 0.753 1 
Serene 121 2.603 0.070 0.769 2 
Space 121 2.116 0.088 0.968 3 
Rich in species 121 2.099 0.085 0.935 4 
Refuge 121 2.091 0.086 0.949 5 
Nature 121 2.000 0.086 0.949 6 
Social 121 1.736 0.085 0.938 7 
Culture 121 1.562 0.076 0.836 8 
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The respondents showed different perceptions of the eight sensory 
dimensions in the six sites (Figure 7). Based on the statistical analysis, it was 
found that green space categories were the most decisive factor for perception 
of the eight sensory dimensions. According to differing proportions of 
respondents in different sites, three scale levels for perceiving each sensory 
dimension were determined: Low (0-30%), Medium (31-70%) and High (71%-
100%). G3, G4 and G5 urban forests were the sites that had more high 
perceptions of sensory dimensions. G3 had four, G4 and G5 had five sensory 
dimensions featuring in the ‘high level’ category (Table 8).  Only prospect was 
perceived as a high sensory dimension in allotment garden G2 and residential 
green space G6. Ornamental park G1 was perceived as having three sensory 
dimensions in the ‘high level’ category, which were, serene, prospect and 
refuge. Nature and rich in species relating to biodiversity aspects were most 
frequently perceived in G3-G5 (Table 8).  
 
Figure 7. Distribution patterns on perceptions of each sensory dimension in the six green spaces 
(G1-G6) (Proportion of respondents, %) 
Paper III also revealed that gender and age had no significant influences on 
users’ perceptions of the eight sensory dimensions in the study area. Although 
the regression model on site and type of recreational use showed two 
differences, these differences could be explained by the uneven distribution of 
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sites. This means that the perception of the eight sensory dimensions was 
consistent across respondents of different gender, age and type of recreational 
use, which gives validity to the use of the eight sensory dimensions as a 
methodological tool for landscape analysis and assessment. 
Table 8. Three scale levels for perceptions of each sensory dimension in the six green spaces: 
low, medium and high. 
Site Extent of perceptions of the eight sensory dimensions in the six green spaces 
















































5.4 On-site VEP study for exploration of the relationship 
between preference and real and perceived biodiversity 
(Paper IV) 
Paper IV deals with the problems with the relationship between preferences 
and biodiversity in urban green spaces. This triangular relationship included 
three factors (Figure 8). The overall aim of Paper IV was to explore whether 
biodiversity is perceived and appreciated by people using urban green spaces 
for recreation. The study was guided by the following four research questions: 
1) are people able to distinguish biologically rich environments in urban green 
spaces? 2) are biologically rich environments appreciated as part of urban 
green spaces? 3) are perceptions of biodiversity and preferences affected by 
previous ecological knowledge? and 4) how do perceptions and preferences 
compare with real biodiversity? 
 
Figure 8. Triangular relationship between the three factors of the study. 
In order to conduct a VEP study in a recreational park (RB), a walkable trail 
traversing the main part of the park was established. The park landscape 
around the trail was divided into four visually distinguishable habitat types 
(Figure 9): Habitat A) ornamental park; Habitat B) transition area; Habitat C) 
moist multi-layered woodland; Habitat D) dry single-layered woodland. The 
triangular relationship between preferences and real and perceived biodiversity 
was explored through the comparative analyses of a biodiversity assessment 
and photos taken by experts and lay people to capture their perception of high 
and low species richness and positive and negative preferences. The 
biodiversity level of each habitat type was evaluated within six parameters 
mainly focusing on plant species richness and vegetation structure. Assessment 
of preferences and perceived biodiversity were accomplished through the 







features and of high and low perceived species richness. Photos and written 
comments were then categorized for comparison based on the picture motif and 
the written motivation. 
Figure 9. Panoramic photos of the four habitats: Habitat A) Ornamental park; Habitat B) 
Transition between residential area and mature woodland; Habitat C) Moist multi-layered 
woodland in valley, Habitat D) Dry single-layered woodland on ridge. (photos by Stefan 
Lindberg) 
The results of Paper IV showed that among the four habitat types from 
ornamental to wild-looking within the RB, their biodiversity levels were fairly 
consistent with the participants’ perceived species richness (Table 9), which 
indicated that people can correctly perceive differences in biodiversity between 
urban green space habitat types. 
However, the results also showed the inconsistency between preferences 
and biodiversity (Table 9). The large percentage of alien species and high level 
of maintenance in Habitat A (ornamental park) contributed to its low 
biodiversity level, while the preference level was high in this area and 
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prompted the most photos of liked features in the study (Table 9). The 
transition zones between residential gardens and woodland (Habitat B) were of 
medium biodiversity level but with a lower number of preference photos. The 
moist multi-layered woodland type (Habitat C) was the only habitat to be seen 
as having a high biodiversity level in the assessment. The significant 
dominance of disliked features in Habitat C actually indicates a conflict 
between preferences and biodiversity (Table 9). Habitat D (simply structured 
woodland type) was of medium biodiversity level due to its containing 
relatively high numbers of indicator species, while the distribution of photos of 
liked and disliked features was almost even (Table 9). These inconsistent 
results indicated that high biodiversity levels did not relate positively to 
preferences, as half-open park areas were preferred to areas of more complex 
vegetation. However, negative preferences for these richer habitat types were 
related to the presence or execution of human interventions. 
Based on comparisons of the photos and written comments between experts 
and lay people, the results of Paper IV also revealed the driving force and 
impact of ecological knowledge on perception and preferences (Table 10). The 
results showed that preferences and perception are mainly triggered by specific 
features rather than the overall scenery and character of the setting. Vegetation 
was the most common feature, both positive and negative, motivating people’s 
preferences and perception of species richness. Differences in attitude between 
experts and lay people reflected that they captured different ranges of 
biodiversity in their preferences and perception of species richness (Table 10), 
which indicated that ecological knowledge could have a positive influence on 
preference for certain aspects of biodiversity. 
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Table 9. Results of the triangular relationship between preference and real and perceived biodiversity based on paired T-test of photos 
allocated to the four habitats in relation to 1) average difference in the number of liked and disliked photos per participant; and 2) 
average difference in the number of high and low perceived species richness photos per participant (results of post hoc comparison of 
differences between the four habitats are indicated by diminutive letters.), and biodiversity score test for habitat type. 
 
  
Habitat Type  Characteristics of habitat Preference Perceived species richness    Biodiversity level 
Liked Disliked P-value Level  High Low P-value Level 
Habitat A Ornamental park 64 29 0.000a Like  44 76 0.003b Low  Low 
Habitat B Transition: residential area and mature 
woodland 
11 22 0.062b Dislike  35 19 0.034a High  Medium 
Habitat C Moist multi-layered woodland in valley 41 60 0.009a Dislike  93 44 0.000a High  High 
Habitat D Dry single-layered woodland on ridge 24 29 0.510b Dislike  23 56 0.001b Low  Medium 
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Table 10. Paired T-test for (1) the average difference in the number of liked and disliked photos per participants; (2) the average difference 
in the number of preference photos distributed between lay people and expert groups; (3) the average difference in the number of high 
and low perceived species richness photos; and (4) the average difference in the number of perceived species richness photos distributed 








Theme Preference Perceived species richness 
 Liked Disliked P-value  Lay people Experts P-value  High Low P-value  Lay people Experts P-value 
Spatial configurations 69 20 0.000  31 58 0.003  72 36 0.000  68 40 0.126 
Content 71 120 0.000  109 82 0.003  123 159 0.000  142 140 0.126 
Main category                
Setting of natural elements 45 11 0.000  20 36 0.013  63 31 0.001  55 39 0.356 
Setting of natural and 
anthropic elements 
24 9 0.001  11 22 0.204  9 5 0.302  13 1 0.606 
Natural elements 43 39 0.515  50 32 0.034  103 136 0.001  122 117 0.268 
Anthropic elements 23 78 0.000  57 44 0.187  0 15 0.002  12 3 0.081 
Combined elements 5 3 0.573  2 6 0.255  20 8 0.050  8 20 0.065 
Human influence 3 12 0.017  12 3 0.036  2 29 0.000  11 19 0.157 
Human reflections 96 102 0.541  105 93 0.389  126 46 0.000  72 102 0.006 
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6 Discussion 
In order to know whether the biotope mapping studies match people’s 
perception and preferences when dealing with the problem between 
biodiversity conservation and human recreation, comparisons across the 
individual papers’ results were discussed. Relevant methodological 
development and future research are also addressed. 
6.1 Linking biotopes and the eight perceived sensory 
dimensions in urban green spaces 
Due to the overlapping of the study area used (G1-G6) in Papers II-III and the 
conducting of biodiversity studies from ecological and social perspectives in 
Papers II-IV, it was considered that comparative analyses across the studies 
could provide another step in the analysis of relationship between biotopes and 
biodiversity respectively preferences and perceptions.  
Interestingly, it was found that G1 (ornamental park), G2 (allotment) and 
G6 (residential green space) with few biotopes were perceived to have few 
sensory dimensions in the ‘high’ category (Table 6 and 8). These three sites 
were mainly dominated by open lawn areas with a high level of human 
maintenance. Conversely, G3-G5 (urban forests) with more biotopes had more 
‘high’ sensory dimensions. The positive relationship between number of 
biotopes and number of ‘high’ sensory dimensions in G1-G6 was illustrated in 
Figure 10, which indicates that the more diverse biotopes an urban green space 
encompasses, the greater the number of ‘high’ sensory dimensions have been 
perceived. This is consistent with the findings from another study of urban 
green spaces where Tyrväinen et al. (2007) revealed that the sites valued the 
most by the respondents provide a lot of landscape variation, such as natural 
ones with open landscapes and diverse forest. 
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In this study, G3 is young, urban woodland being developed into a nature 
park by means of selective cutting, supplementary plantings of understory and 
field layers and the establishment of wetlands and a lake in the centre. G4 and 
G5 are mature urban woodlands with a mosaic of stands of varying age from 
more than 80 years to recently regenerated. However, G4 has a large 
proportion of open areas and G5 includes part of a pasture areas. These specific 
features with diverse biotopes represented at each site inducing the variations 
in landscape could be the main reason why G3-G5 were more frequently 
perceived in the ‘high’ category from the eight sensory dimensions.  
Coincidentally, there is also a positive relationship between size and the 
number of high sensory dimensions of urban green space (Figure 11). G3-G5 
were all much larger than G1, G2 and G6. Grahn et al. (2005) found that the 
perceived sensory dimensions most sensitive to size are serene, space, rich in 
species and nature, which are all associated with large size of areas. This 
finding is in agreement with our studies (Table 6 and 8). Together with the 
similar distribution patterns of G1-G6 in Figures 10 and 11, it indicates that the 
perceived sensory dimensions of urban green space could increase with the 
number of biotopes and size. 
 
Figure 10. Positive correlation between number of biotopes and number of high perceived 







































Figure 11. Positive correlation between size of green space and number of high perceived sensory 
dimensions (G1-G6). 
6.2 Linking biodiversity and the eight perceived sensory 
dimensions in urban green spaces 
As for the perceived sensory dimensions related to biodiversity – nature and 
rich in species - it was found that they were more frequently perceived in urban 
forests (G3-G5) than in open green spaces (G1, G2 and G6), which reveals that 
urban forests were perceived to be the most natural areas and containing more 
species than others in the cities (Gobster, 1999; Yli-Pelkonen, 2013). It also 
reveals that naturalistic landscapes may provide greater benefits related to 
biodiversity for people than a formal ornamental style. Özgüner and Kendle 
(2006) concluded that some benefits of nature that actually come from a 
‘naturalistic’ or ‘wild nature’ are better than a ‘formal nature’ in cities. 
However, our biotope mapping study showed that the biodiversity of urban 
forests varies with their vegetation structure. G5 has higher species richness 
than G3-G4 due to its feature of long continuity with old and well-stratified 
vegetation. The comparison relating to biodiversity between Papers II and III 
seems to give us a hint that assessed biodiversity by expert measurements and 






































Biodiversity as a concept is interpreted differently by different stakeholders 
(DeLong, 1996), and studies that above for more in-depth analysis of their 
relationship is needed. This point, together with the impact of preferences on 
using urban green spaces for recreation, is the rationale behind Paper IV. In 
Paper IV, it was found that the assessed and perceived biodiversity of a multi-
layered mature forest was higher than open lawn areas (Table 9). This is 
consistent with comparisons in Papers II-III, which indicate that people can 
reasonably accurately perceive species richness (Fuller et al., 2007). Several 
studies suggested that only when people are aware of the biodiversity level are 
they likely to display higher preferences for high biodiversity settings (Gobster, 
1994; Hands & Brown, 2002), and would therefore  willingly  support  
biodiversity conservation (Vodouhe et al., 2010). 
6.3 Linking preference and the eight perceived sensory 
dimensions in urban green spaces 
Although G1 in paper III and Habitat A in paper IV respectively and G5 in 
paper III and Habitat C in paper IV represent different sites, they were of a 
similar size and biotope composition i.e. ornamental parks with open lawn area 
and multi-layered wild forests (Table 6 and 9). Therefore, a preference 
comparison across their results was considered worthwhile. 
Paper IV found no positive relationship between preference and 
biodiversity. The ornamental park (Habitat A) and the moist multi-layered 
forest (Habitat C) showed a strong negative relationship between preference 
and biodiversity. Habitat A, with the lowest assessed biodiversity, was the only 
habitat type people preferred to use for recreation, while Habitat C with the 
highest biodiversity value received the most negative preference comments 
(Table 9). The study confirmed previous research suggesting a high preference 
for an ornamental type of landscape. Chiesura (2004) argued that ornamental 
landscape types are always strongly valued by urban people who have been 
repeatedly subjected to the neat and tidy appearance of flowerbeds and mown 
grass. As for Habitat C, participant sensitivity to the way human interventions 
were positioned in this context of a ‘natural’ setting is the most probable 
explanation for its negative preference. 
However, in Paper III, G1 (ornamental park) was less frequently perceived 
to have sensory dimensions than G5 (urban forest with more complex 
structures) (Table 8).  This might imply that the popularity of green space is 
not related to the number of perceived sensory dimensions. People do 
recognise the eight sensory dimensions in different urban green spaces but it 
doesn’t mean that an attractive environmental setting should be perceived to 
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have more sensory dimensions. This could appear to contradict the claim made 
in a previous study that the popularity of a green space increases the more 
perceived sensory dimensions it encompasses (Peschardt & Stigsdotter, 2013). 
Given that the comparison was confined to limited samples and not conducted 
in the same study, this presumption needs further examination. 
6.4 Methodological development for urban biodiversity 
conservation and human recreation 
The work described in this thesis intended to use and develop three different 
methods from ecological and social perspectives to explore biodiversity and 
recreational values in urban green spaces: biotope mapping, the eight perceived 
sensory dimensions and Visitor-Employed Photography (VEP). 
Paper I and II focused on developing biotope mapping for exploration of 
more biodiversity values in urban green spaces. Our results showed that 
modified biotope mapping involving temporal and spatial structural variables 
can be used as an indicator tool for biodiversity levels in urban green spaces. 
Compared with traditional biotope mapping for detection of the quality of 
habitats, the modified one could be more biodiversity-oriented and easier to 
identify diversely structured biotopes. The collected biotope information will 
be of great importance as a data basis for urban biodiversity development. For 
instance, (1) the areas with long continuity and aged trees should be given 
more attention to avoid deterioration or loss, since they make a significant 
contribution to urban biodiversity and people’s appreciation (Kirby & 
Goldberg, 2002). The quality of urban fauna could be enriched by changing the 
design and management of urban green spaces. The target animal’s favourite 
vegetation structures could be imitated to meet requirements for both 
enhancing biodiversity and recreational purposes. In order to obtain 
trustworthy results from existing data bases used by decision-makers, a timely 
update of current biotope maps is necessary due to the constantly changing 
pattern of the urban landscape (Bochow et al., 2010). Rapidly remote sensing 
techniques together with advanced image processing methods can offer new 
possibilities for updating biotope maps (Bock, 2003; Bochow et al., 2010). 
Paper III is the first to validate the eight perceived sensory dimensions as an 
assessment tool for mapping of lay people’s self-reported perceptions of urban 
green spaces, and to examine the representation of the sensory dimensions in 
different types of green space. It was found that the frequency of the perception 
of the eight sensory dimensions was different in differing urban green spaces 
settings. This might indicate that the respondents did not use the sensory 
dimensions to describe their perceptions of the green space purely for its 
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attributes, but also in relation to the surrounding cityscape. People’s inherent 
cognitions of green spaces, for instance, the green spaces allowed for larger 
sight depth and freer movement full of calmness and less noise, could explain 
why prospect, serene and space were the most commonly perceived sensory 
dimensions in this study (Kaplan & Kaplan, 1989; Hartig et al., 1997). In 
contrast to this, social and cultural were quite rarely perceived, probably due to 
the absence of well-organised rooms designated for social activities and a lack 
of monuments in the studied areas (Grahn & Stigsdotter, 2010). The 
consistency across the respondents’ perceptions of urban green spaces gives 
validity to use of the eight perceived sensory dimensions as a landscape 
assessment tool for determination of the recreational quality of urban green 
spaces. It means that people can perceive recreational qualities in urban green 
spaces through eight dimensions. Each dimension is furthermore associated 
with various recreational and outdoor activities (Lindholst et al., 2013). 
Paper IV conducted a VEP study to explore the relationship between 
preferences and assessed and perceived biodiversity. The VEP method 
revealed on-site perception and preference to be highly context-specific, 
mainly triggered by specific features rather than the overall scenery and 
character of the setting. One possible explanation is that people expect a certain 
order of things in any given setting, for example a level of naturalness or 
tidiness, while an order is easily disrupted by features that are considered out 
of character (Kaplan & Kaplan, 1989). Specific features of urban green spaces 
would therefore be easier to identify and use as motivation for preference. The 
VEP study also revealed that people with a greater knowledge of ecosystems 
are more likely to prefer ecologically sustainable landscapes. Potential 
environmental education may increase the ability of green space users to 
appreciate elements of the natural environment (Gobster et al., 2007). 
Gundersen and Frivold (2008) concluded that preference studies should 
favour visual methods, possibly combined with the stimulation of more senses 
than vision. The VEP method showed the potential for capturing and analysing 
people’s preferences for scenery. The findings of the VEP study could be an 
important contribution to the continued development of methods for exploring 
the relationship between preferences and biodiversity. 
6.5 Conclusion and proposed future research 
The results of this thesis work have shown that it is possible to link 
biodiversity and recreational merits of urban green spaces through several 
useful tools for measuring trade-offs and synergies between biodiversity 
conservation and human recreation. Biodiversity values in urban green spaces 
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can be explored through a modified biotope mapping tool involving vegetation 
structures. The eight perceived sensory dimensions can be used as a landscape 
assessment tool for mapping people’s recreational experience of urban green 
spaces and can also be linked to the study of biotopes. The on-site VEP study 
reflected that preference is not positively related to high biodiversity. The 
perceptions associated with biodiversity were closely linked to the participants’ 
attitudes towards urban green space management. A more conscious and site-
specific approach to urban green space design and management should be 
taken into account, focusing on coherence, particularly in areas of remnant 
vegetation and other long-continuity habitats with natural character. 
As the relationship between green space qualities and perceptions and 
preferences across landscapes have received relatively little attention, 
hopefully this work will contribute to creating a new interest in linking 
qualities of urban green spaces from biodiversity and recreational aspects. 
Stronger evidence and valid recommendations can be given to policy makers 
and urban green space designers and managers concerning trade-offs and 
synergies between biodiversity conservation and recreation provision, if future 
research can develop these novel results in more depth and across the 
individual case studies, i.e. exploring links between biotope and the perceived 
sensory dimensions of urban green spaces and links between preferences, 
biodiversity and the perceived sensory dimensions.  The fact that this case 
study approach was confined to one Swedish city and a limited number of 
participants, may be considered an oversight, as geographical or cultural 
differences may have endowed the population involved with a different set of 
perceptions and preferences (Lindholst et al., 2013). Further investigation 
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